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I. INTRODUCTION 
The world has become increasingly concerned with problems of health, 
population control, food production, and economic development. Organizations 
of the United Nations (Food and Agriculture Organization [FAO], International 
Labor Organization [ILO], World Health Organization [WHO], United Nations 
Economic Social and Cultural Organization [UNESCO], United Nations Develop-
ment Program [UNDP]) have channeled a large amount of talent and finance 
into these areas in an attempt to improve conditions under which present 
and future generations live. Similarly, development organizations of 
individual nations and organizations such as the Rockefeller Foundation, 
the Ford Foundation, and the international research institutes also are 
making large contributions to solving food problems of developing countries. 
Increased research and education have led to the rapid dissemination 
and application of new technologies in areas such as health, hygiene, 
and preventive medicine. The ensuing population "explosion" became, 
ironically, a major cause of today's food problem. 
The continuing and increasing pressure of population on food supplies 
has caused severe hunger and malnutrition for more than 400 million 
people throughout the developing world. The areas where these people 
reside typically have low per capita income, little industrial activity, 
few exportable commodities and a heavily unbalanced trade account. 
Scarce financial resources (foreign exchange) prevent these food deficit 
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nations from bidding feed and food grains for domestic human consumption 
away from the more affluent market participants. This imbalance has 
been a major concern to world and national leaders and has recently led 
to several world conferences dealing with the subject. 
The problem of malnutrition and hunger has been with mankind through-
out his history: The world has gone through numerous periods in which 
food supplies were extremely insufficient to meet nutritional require-
ments. The tight food situation of the 1970s was considered by many to 
signal a fundamental and more permanent shift from a situation of long-
term surpluses in some exporting countries to one of chronic deficits 
for the world. 
The world food problem obviously cannot be solved in the next decade, 
but worldwide planning must continue even in years of periodic grain 
surpluses so that strategies can be developed on where and how much food 
will be needed over the long run. Does potential agricultural production 
fall short of future requirements or are other bottlenecks likely to hold 
food supplies short of food requirements? 
Explanations of the Food Deficit 
Several propositions attempted to explain the recent food crises. 
One proposition is that the world has nearly reached the limit of its 
ability to produce food and will soon be unable to cope with the ever-
increasing population. Thus, the surplus food-producing nations hold 
the ultimate decisions as to " ••• which country will receive ••• food aid 
and which will not; realizing that regardless of the decisions a goodly 
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number of human beings will die" (The Environmental Fund, 1974). A 
second and somewhat similar proposition views the events of the early 
1970s as a fundamental shift in the structure of the world food economy. 
In this view we have entered " ••. a period of more or less chronic 
scarcity and consequently higher (food) prices" (Brown, 1974). Brown 
contends that the increased demand for food, coupled with population 
growth and rising incomes, will soon exceed the world's productive 
capacity. 
Others are more optimistic about the future food outlook and assert 
that although the recent situation was precarious, it was only temporary 
and may not occur again. It is proposed that in future decades the 
probability is high that world food production will keep ahead of pop-
ulation growth but that there will be times and places of critical short-
ages (Paarlberg, 1974). 
The recent food deficit was caused by bad harvests in major food 
producing countries such as Australia and Russia in the 1972-75 period. 
Concurrently, the anchovy harvest in South America was below normal and 
caused extreme pressures in the soybean market. Both anchovies and soy-
beans are used as a protein source in livestock feeds. Further, export 
demand for wheat and feed grains from surplus producing countries took 
a quantum jump upward. Grain prices skyrocketed and grain reserve stocks 
1 
were depleted below emergency levels. 
1A sufficient level of grain stocks seems to be a ratio of stocks 
to exports of about 50 percent (Mackie, 1974). 
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Demand for food and fiber will continue to be severely constrained 
by available supplies. The two main variables affecting demand are 
the population growth rate and increasing affluence (growing per capita 
incomes) of the world in general. In recent years growth in these vari-
ables has coincided with the rate of growth of agricultural output, 
causing a temporary end to the era of continuous grain surpluses, which 
previously caused low world market prices and depressed farm incomes. 
The Role of U.S. Agriculture and the 
World Food Problem 
As a major exporter of food commodities, the United States has long 
helped alleviate world malnutrition and hunger. U.S. agricultural policy 
in the 1950-72 period encouraged production at levels above that which 
domestic and export markets could absorb at the target prices of these 
policies. To maintain prices above market clearing levels, the govern-
ment effectively purchased quantities of grain. This policy led to 
large surplus stocks or reserves. Dumping the grain on either domestic 
or foreign markets would have disrupted local production and distribution 
systems. Hence, the United States engaged in massive food surplus dis-
posal to nations suffering from severe hunger and malnutrition. Although 
2 
such action was by no means a new policy for the United States, it 
became a semi-permanent institution in 1954 when the Agricultural Trade 
Development and Assistance Act, better known as PL 480 or as Food for 
Peace, was passed. 
2The United States provided large amounts of food to its allies and 
to the defeated countries during and after World War II. 
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United States commercial grain exports have increased steadily 
over time. Recently, however, they have been accentuated by large in-
creases in export demand. A number of factors explain this growing 
demand for U.S. exports: (a) The world population is increasing by about 
70 million annually and will nearly double to 6.4 billion by the year 
2000 if present growth rates continue. Rapid population growth is pre-
dieted in many countries where domestic food production already is lag-
ging behind food demand, thus necessitating even greater imports; 3 
(b) Income levels have increased steadily over the world. The elastic-
ities of demand for food quantity with respect to income are relatively 
high in the developing countries. Additional increases in income thus 
lead to increased demand for food (Food and Agriculture Organization, 
1975); and (c) Adverse weather conditions in many regions of the world 
led to decreased food production, necessitating additional imports. Because 
the United States is the world's largest marginal food exporter and ex-
ports such a large proportion of its grain production, variations in 
production elsewhere can have a great impact on U.S. export demand 
(Heady, et al, 1975). 
The world food scarcity of recent years led "surplus" producing nations 
to make a great effort to bridge the gap between world food demand and 
supply. U.S. grain exports were at record levels in both quantity and 
value in 1978, 1974, 1975, and again in 1976 (U.S. Department of Agricul-
ture 1977). Notwithstanding the expansion of the world exports, many 
3rt seems that public policy in many countries has shifted with 
respect to imports of food and feed. Although domestic deficits used 
to be overcome by slaughter of cattle and rationing, recent shortfalls 
have been made up by increases in imports. 
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areas and countries continue to experience food deficits. Although 
"food deficit" nations have attempted to increase food production, popu-
lation has increased faster than agricultural output in many of them. 
Accordingly, their food deficits and imports have increased. Therefore, 
the importance of agriculture in the "surplus" countries is likely to 
increase with time. This is particularly true for the United States 
which in recent years provided nearly 60 percent of world grain exports. 
Study Objectives 
Means exist for producing more food and increasing the supply of 
available export grain from the United States (Heady, et al, 1975). 
However, the main objective of this study is to determine how grain 
supplies might be distributed more evenly over the world. We estimate 
that an increase in U.S. grain exports would be possible with 1980 
technology if some adjustments in production and consumption were made 
such as (a) producing and capacity, (b) growing more wheat relative to 
feed grains; and (c) decreasing consumption of meat and meat products. 
We also consider export possibilities when (a) exports are oriented 
more to the developed and affluent countries, thereby emphasizing feed 
grains, and (b) exports might be oriented more to the deficit nations 
with many under-nourished persons and emphasize wheat. An additional 
objective of the analysis is the application of a linear programming 
model that allows crop production to be allocated among regions in line 
with comparative advantage and to attain economically the greatest 
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production when yields, production cost and transport cost are considered. 
The model assumes a market equilibrium where all factors receive a return 
equal to their market price and where production is organized over the 
nation to minimize costs of production and transportation of all com-
modities. 
This study was completed to help answer the query: How many more 
people could be fed with the amount of grain now being produced if all 
persons in the world consumed just a balanced nutritional diet? How much 
grain could be produced in the United States for these purposes? How 
could these programs be accomplished? 
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II. METHODS AND COMPUTATION 
This section summarizes the alternatives analyzed and the analytic 
techniques used in the study. Domestic and foreign demands and pro-
duction are estimated in a number of steps for the year 1980. The opti-
mum allocation of U.S. resources and food production is estimated using 
a national and interregional linear programming model that incorporates 
a comparative advantage production sector and a transportation subsector. 
Alternative Futures 
Four alternative futures are considered for the 1980's with average 
1980 technology. The four alternatives, referred to as Alternative A 
through D, can be divided into two separate issues. Alternative A 
represents the first issue. It assumes that the United States would 
engage in "all-out" production to make a maximum contribution in helping 
to eliminate world food deficits. The second subset relates to the nu-
tritional requirements as well as to changes in the conventional diet 
pattern. 
Alternative A, serves as a base situation for comparison with the 
other three alternatives. Under Alternative A domestic demands are 
first satisfied. Then, exports of wheat, feed grains, and soybeans are 
increased until the nation's land base allocated to these crops is fully 
utilized. The export proportions for the three commodities in Alterna-
tive A remains the same as the average 1973-75 export mix. The level 
of export for the remaining alternatives are estimated in terms of 
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projected 1980 income and population levels for each of 108 countries. 
Alternatives B through D allow the export mix of the commodities to 
change to reflect a greater demand growth for wheat. Soybean exports 
are estimated to be consistent with meat consumption. 
Alternative B forces export demand to levels consistent with attain-
ment of recommended daily calorie requirements over the entire world. 
In this situation it is assumed that world population will all consume 
sufficient calories to meet nutritional recommended levels but at a 
level no higher. This implies that there must be a redistribution of 
available grain supplies: from the rich countries where consumption 
averages are above recommended nutritional levels to the grain deficit 
and poor nations where the average diet is less than the recommended 
level. 
Alternative C allows the rich nations to consume at levels con-
sistent with historic and projected quantities based on per capita in-
come and other relevant variables. This alternative implies that they 
will follow responses consistent with their individual incomes, tastes, 
and values. But the poorer nations again will consume at levels con-
sistent only with daily recommended allowances but at levels greater 
than now prevailing. 
Alternative D incorporates a shift in consumption. It assumes 
that the developed countries reduce meat consumption by 25 percent. In 
doing so these nations demand less grain for meat production while re-
leasing resources for the production of export crops. Otherwise, all 
populations consume at recommended dietary levels. 
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Each alternative represents a different view of how future grain 
supplies might be distributed with greater equity among the people of 
the world. Export "demands" are estimated for each of the four alter-
native futures and are incorporated, together with the domestic demands, 
into the linear programming model. 
Foreign Production and Consumption 
The methods used to estimate domestic and export food requirements 
in different regions of the world are explained in this section. 
Projection of population demand 
The estimate of future world food requirements includes 119 countries 
(Table 1). These countries represent more than 98 percent of the world's 
population. The regional delineation is made on the basis of per capita 
income, geographical location, and political structure. The countries 
excluded are small nations for which data are not readily available or 
are nonexistent. Demand estimates require data series on variables such 
as population, per capita incomes, and relevant prices for commodities. 
Some of these variables are developed and explained in the next section. 
Population projections 
Data from Meyers (1976) are used to project population growth rates. 
It is assumed that the growth rates will remain constant throughout the 
projection period. Population is divided into 18 groups by country, 
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Table 1. Delineation of world regions 
Region 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Region 
Name 
Canada 
Mexico 
Central and 
South America 
Brazil 
Southern 
America 
Africa 
South Africa 
Northern 
Europe 
Southern 
Europe 
East Block 
Countries 
U.S.S.R. 
Middle East 
Countries Included in the Region 
Canada 
Mexico 
Costa Rico, Cuba, Dominican Republic, El 
Salvador, Guatemala, Haiti, Honduras, 
Jamaica, Nicaragua, Panama, Trinidad-Tobago, 
Bolivia, Chile, Columbia, Equador, Paraguay, 
Peru, Venezuela, Guyana, 
Brazil 
Argentina, Uruguay 
Algeria, Ethiopia, Libya, Morocco, Sudan, 
Tunesia, United Arab Republic, Somali 
Republic, Angola, Cameroun, Zaire, Ghana, 
Ivory Coast, Nigeria, Senegal, Sierra Leone, 
Upper Volta, Dahomey, Kenya, Malagasy 
Republic, Rhodesia, Liberia, Togo, Malawi, 
Zambia, Uganda, Tanzania, Mozambique, Rwanda 
and Burundi. 
Republic of South Africa 
France, Austria, 
Finland, Ireland, 
Switzerland, UK -
Germany, Iceland. 
Belgium-Luxemburg, Denmark, 
Netherlands, Norway, Sweden, 
Northern Ireland, West 
Greece, Italy, Portugal, Spain, Yugoslavia 
East Germany, Poland, Hungary, Czechoslavakia, 
Rumania, Albania, Bulgaria. 
U.S.S.R 
Cyprus, Malta, Iran, Iraq, Israel, Jordan, 
Lebanon, Syria, Turkey, Saudi Arabia, Republic 
of Yemen, Afghanistan. 
Table 1. (continued) 
Region 
Number 
13 
14 
15 
16 
17 
18 
Region 
Name 
Central Asia 
Southeast 
Asia 
People's 
Republic of 
China 
Japan 
Oceania 
United States 
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Countries Included in the Region 
India, Sri Lanka, Pakistan and Bangladesh, 
Nepal. 
Burma, Khmer Republic, Taiwan, Indonesia, 
Philippines, Hong Kong, North Korea, North 
Vietnam, South Korea, South Vietnam, 
Thailand, Outer Mongolia, Malaysia. 
People's Republic of China 
Japan 
Australia, New Zealand 
United States 
age, and sex. In the few cases where sex-specific data were unavailable, 
a 50-50 proportion of males and females is assumed. After age 11, each 
sex group is subdivided into seven age classes, while the age group of 0 to 
10 is a combination of males and females (Table 2). It is assumed that 
each age and sex group has its own caloric requirements. 
The division of classes is based on the availability of data for 
each country as well as the guidelines established by the FAO/WHO Ad 
Hoc Committee Report (Food and Agriculture Organization, 1973, P• 80; 
United Nations, 1974b). Because the two reference sources do not 
conform with regard to age classification, a new set of classes is 
developed. The assumption is made that the distribution in each age 
group is uniform. 
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Table 2. a Calculations of per capita energy requirements 
Age Group (Year) 
(1) < 1 
(2) 1-4 
(3) 5-9 
Male: adolescent, adult 
(4) 10-14 
(5) 15-19 
(6) 20-39 
(7) 40-49 
(8) 50-59 
(9) 60-69 
(10) 70+ 
Female: adolescent, adult 
(11) 10-14 
(12) 15-19 
(13) 20-39 
(14) 40-49 
(15) so-59 
(16) 60-69 
(17) 70+ 
Requirements by age 
and sex in calories in (KCAL)b 
1090 
1090 
2046 
2724 
1.02] . 0 
.95 
.90 
.80 
.70 
2540 
1.05] . 0 
• 95 
.90 
.80 
. 70 
aSOURCE: Food and Agriculture Organization, 1973. 
bit is assumed that young children (age groups 1, 2, and 3) have 
identical requirements across all regions. 
cR . f f d 1 1 equ1rements or re erence a u t ma es. 
dR · f f d 1 equ1rements or re erence a u t women. 
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Thus, the number of people for an individual sex-age class is 
projected to 1980 as follows: 
80 m 80-m 
P · · k = P · · k ( 1 +rk) l.,J, l.,J, ' (i) 
where 
P80 population of sex i in the jth class in country k i,j ,k 
in 1980, i = 1,2; j = 1, ••. ,17; k = 1' ••• '118; 
m 4 population of i in jth class country k in P .. k = sex in year m; l., J, 
and 
r = population growth rate of country k. k 
Projected population by country is obtained by summing over age 
and sex classes, i.e.: 
I: I: P~0 . 
. . l.,J,k J l. 
5 Summing over the k countries yields total population: 
(ii) 
~ ~ ~ P80 ~ ~ ~ m ( )80-m 
L.. L.. L.. •• k = L.. L.. L.. P .. k l+rk 
kj i l.,J, kj i l.,J, (iii) 
The country populations are finally aggregated into the 18 regions as 
outlined above. 
4 The value of m depends upon most recent available data for the 
particular data for the particular country. 
5Life expectancy is assumed to be constant for the period. 
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Nutritional requirements 
The population estimates obtained are used as inputs into a set of 
nutritional requirement equations for three climatological regions in 
the world. Lack of data on an individual country basis forces nutritional 
estimates to be made using geographic and demograph regions. These regions 
are considered to be representative for all populations in those areas 
(National Academy of Sciences, 1964, p. 58). 6 
Unfortunately, nutritional requirements for individual countries 
are not widely available. Therefore, comparative dietary standards for 
adults in selected countries were taken as a base for the nutrition 
regions mentioned above (Table 3). Using the dietary standards for 
reference adults for the regions, the FAO/WHO report findings were used 
to develop a set of nutritional lower bounds for the 18 demographic 
Table 3. Basic daily recommended allowances for selected regions in 
a the world for reference male and female 
Zone Sex Weight Activity Calories Protein 
Kg Grams 
M 65 Moderate 3,000 87 
Temperate F 56 Moderate 2,500 73 
M 56 Moderate 3,000 70 
Subtropical F 48.5 Moderate 2,400 60 
M 55 Moderate 2,800 55 
Tropical F 45 Moderate 2,300 45 
aSOURCE: National Academy of Science, 1964 
6 The three regions are the temperate zone, the subtropical zone, and 
the tropical zone. The three zones have a different set of nutritional 
requirements because of demographic and geographic differences as well 
as different population characteristics. 
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classes. These recommendations are based on the requirements of an 
average healthy person. Some persons need more food than others, but 
these differences are expected to average out. 
The nutritional requirements for energy for any given class were calcu-
lated as follows. 
80 NR .. k= P .. kK .. l.,J, l.,J' l.,J ,m 
where 
NR. . k= total amount of energy (kcal) needed for sex i of the 
l. ,] ' 
jth age class in country k; 
p80 = as in equation 4; and i,j 'k 
K. . = amount of energy needed per person of sex i of the jth 
1., J ,m 
age class in region m (m = 1,2,3). 
Thus, total amount of energy needed across sex, age, and country is: 
E E E NR .. k 
kj i l.,J, E E E P
80 
k .. i,j,k J l. 
K .. l. ,J ,m 
(4) 
(5) 
Themain emphasis is on energy because it is felt that a well-balanced 
diet with adequate calories will allow sufficient proteins to be consumed 
(Youde and Carter, 1975). Consumption is expressed in kilocalories for 
purposes of a common base in summation. The same procedure is followed 
for production so that the surplus or deficit in each country can be estimated. 
Using the set of population equations together with the food requirements 
for each class in each country, the model estimates the total world food 
requirements expressed in kilo-calories (kcal). 
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Production projections 
For purposes of estimation, crops are divided into wheat, feed grains, 
and soybeans, and all other crops. Estimates for other crops will be 
discussed first. 
The production estimates for all commodities, except wheat, feed grains, 
and soybeans are derived directly from the FAO (Food and Agriculture 
Organization, 1971). The approach of the FAO was to " ••• make trend-
oriented projections independently for production and demand, assuming 
constant prices and with no major changes in policies prevailing at present, 
but allowing for technological developments". The major limitation of 
the commodity by commodity projections is the failure to take into account 
the interrelationships among commodities and the implications of these 
projections for purposes of agricultural resource use. We have included 
FAO estimates of starchy roots, pulses, vegetables, and fruit. 
The production projections of wheat, feed grains, and soybeans based 
on U.S. Department of Agriculture data (1974b) are estimated using the 
ordinary least squares technique. 
Demand projections 
The quantity of food demanded depends on variables such as popu-
lation, per capita income, and relevant prices. Using constant 1970 
retail prices and projected 1980 population and per capita incomes for 
each of 119 countries, demands for each of the food groups are estimated. 
A compilation of standardized food balance sheets serves as a starting 
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point of the demand projections for each country in the period 1964-66, 
showing per capita consumption of all items in the diet in terms of 
calories, proteins, and fats per day. Indices of increases in per 
capita and total demand in terms of quantities and nutrients are projected 
for the year 1980 from such balance sheets. 
The approach assumes that population and income are the major 
shifters of demand. To capture other changes not otherwise accounted for 
in the model, a trend factor is included. This parameter takes into 
account such changes as rural-urban migration, changes in consumer pre-
ferences, marketing systems, age composition, etc. 
The Domestic Programming Model 
A linear programming model is used to estimate U.S. agricultural 
production potential, supply prices, and allocation of resources in the 
year 1980. The model incorporates the wheat, feed grains, soybeans, corn 
and sorghum silage, and cotton sectors of U.S. agriculture. The model 
consists of an interregional comparative advantage production sector, a 
transportation submodel, and a set of resource restraints. It also 
requires the fulfillment of fixed consumer demands. Production costs, 
yields, and demands used in the model are estimated for the year 1980. 
The programming model minimizes the cost of producing the crops 
endogenous to the model (wheat, feed grains, soybeans, corn and sorghum 
silage, and cotton) in 150 U.S. producing regions (Figure 1) and of 
transporting them among 31 U.S. demand regions (Figure 2). The model simu-
lates a long-run market equilibrium in the sense that all resources except 
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land receive their market rate of return. Land rents are determined 
endogenously. The model also simulates a market equilibrium in that it 
equates the quantity produced with the quantity demanded of each crop 
in each demand region. 
The demands are determined exogenously and are specific for winter 
and spring wheat, feed grains, silage, and oilmeals in each of the 31 demand 
regions. The demand for cotton lint is determined at the national level. 
The demands for these commodities encompass total useage, i.e., they are 
a summation of domestic human consumption, livestock feed, other 
industrial uses, seed exports (in raw and processed form), and waste. 
Transportation activities are defined to allow commodities to be 
transported among U.S. demand regions to satisfy requirements. There are 
a possible 31 x 30 = 930 transport activities for each commodity. The 
total for the transportation activities is 3,720. However, considering 
historical production patterns and movements of commodities, the number 
of activities is reduced to 1,603 (202 for spring wheat, 467 for winter 
wheat, 458 for feed grain, and 476 for oilmeals). 7 
Production activities for spring and winter wheat, feed grain, and 
oilmeals are expressed in feed units. 8 This procedure allows the aggre-
gation of corn, oats, barley, and sorghum into one commodity, feed grains. 
It also allows demand to be satisfied by either soy oilmeal or cotton-seed 
oilmeal. 
7No transportation activities are involved for silage between demand 
regions. 
8A feed unit is the quantity of feed that is equivalent to the feeding 
value of a pound of corn (containing 78.6 percent TDN) (U.S. Department 
of Agriculture, 1974c). 
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Land is a resource constraint in each of the 150 producing areas. 
Also, demands for the commodities serve as constraints in the 31 U.S. 
demand regions. The real variables within the model include crop production 
and transportation activities. 
Solution of the model indicates the allocation of production and supply 
prices for the wheat, feed grains, silage, soybeans, and cotton commodities 
among U.S. producing regions. The objective is to determine whether the 
extent to which an optimal interregional allocation of agricultural production 
and resources can help meet world needs for food. 
Delineations of the model 
The U.S. linear programming model is regionalized in three ways. The 
smallest entity is the producing area. The model contains 150 producing 
areas within the contiguous 48 states of the United States (Figure 1), for 
which crop-producing activities have been defined. The producing areas 
are defined to be relatively homogenous with respect to such factors as 
soils, topography, climatological data, yields, and production costs. 
Each of the producing areas is wholly contained within a demand region. 
This feature facilitates computation of production activities among 
regions. (Only about 2 percent of the 1969 production of the commodities 
included in the model is not accounted for in the production regions spe-
cified in Figure 1. These regions are shown in the unnumbered parts of 
the figure. In the analysis, production in these unnumbered regions is 
held constant at 1969 levels. Demands specified for the model are adjusted 
regionally for this exogenous production). 
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The 31 demand regions are developed as separate areas for winter 
wheat, spring wheat, feed grains, and oilmeals (Figure 2). The areas are 
delineated to follow state boundaries, thereby facilitating computations 
for individual states or groups of states. 
The last regional concept used is the farm production region. The 
10 farm production regions (denoted by heavy lines) in Figure 1 include 
the 150 producing areas and follow state boundaries; i.e., one or more 
producing areas and demand regions are entirely contained in one farm 
production region. The farm production regions conform with United States 
Department of Agriculture's (USDA) regions. 
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Figure 1. Location of producing areas and farm production regions 
used in this study 
Figure 2. Location of consuming regions used in this study 
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III. RESULTS AND INTERPRETATION 
OF THE MODEL ALTERNATIVES 
Each alternative solution of the U.S. linear programming model 
estimates exports, agricultural production and resource use patterns in 
1980, subject to the conditions upon which the model is built. The re-
sults for the United States are reported at the farm production level and 
the national level. 
Exports 
Since export demands are of major importance in this study, the 
export estimates will be presented first. The export demands for wheat, 
feed grains, and soybeans are derived using methods outlined in the 
previous chapter. 
Historically, the developing countries have not been able to meet 
nutritional requirements in the form of per capita daily recommended 
allowances. On the other hand, many of the developed nations have con-
sistently "over-consumed" during the last two decades. 
Table 4 provides an indication of how per capita supplies of calories 
and protein have developed through time for a number of world regions. 9 
In all regions the per capita supply of both calories and protein has 
increased. 
9Note that per capita supply is not meant to be the same as per 
capita consumption nor is it intended to indicate a national average. 
It is merely an indication of available supplies at one point in time and 
abstracts from all economic variables that govern demand. It is, there-
fore, biased upward. 
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A detailed set of energy (calorie) requirements are estimated for 
17 sex and age classes. Applying a constant growth rate to the mid-
1976 population estimates caloric requirements were estimated for 17 
world regions. Tables 5 and 6 indicate the requirements: a) Table 5 
reflects the caloric requirements based on daily recommended allowances 
(dra) and b) Table 6 shows the nutritional requirements for 1980. 
The nutritional requirements of any country or region can be satis-
fied by numerous combinations of commodities, as long as the diet is 
"well-balanced." In this model a domestic deficit in calories can be made 
up by imports of wheat, feed grains, and soybeans from the United 
States. 
Alternative A 
The results of this alternative are very much a reflection of status 
quo. All variables are projected to 1980 using trend projections. The 
base alternative, assuming full-scale U.S. production, allows exports to 
increase substantially above the high export levels of recent years 
(1973-75). Relative to Alternative A, wheat exports increase 500 million 
bushels to 1,688 million bushels. Feed grain exports increase 48 percent 
to 59.1 million tons. Exports of soybeans increase 204 million bushels 
to 690 million bushels (Table 7). The export of cotton is fixed at 4.2 
million bales under all alternatives. 
26 
Table 5. Population and caloric requirements for 17 world regions 
excluding United States 
Region Region 1970 1980 Calorie 
Number Name Population Population requirement for 
1980 (dra) 
(million) (million) (billion) 
1 Canada 23.1 24.2 21,250.4 
2 Mexico 62.3 71.5 51,827.4 
3 Central and 
South America ll8. 8 133.2 109.060.4 
4 Brazil ll0.2 121.7 100,443.8 
5 Southern 
America 28.5 30.0 26,134.3 
6 Africa 355.4 393.2 316,989.1 
7 South 
Africa 25.6 28.0 24,074.3 
8 Northern 
Europe 234.6 241.7 212,480.7 
9 Southern 
Europe 131.3 135.4 119,577.7 
10 East Bloc 
Countries 109.5 155.1 137.668.8 
11 USSR 257.0 264.4 222,081.2 
12 Middle East 137.2 147.1 124,143.1 
13 Central Asia 796.2 828.7 687,235.3 
14 Southeast Asia 393.6 422.6 347,853.3 
15 People's Republic 
of China 836.8 930.4 797,862.3 
16 Japan 112.3 117.9 104,880.3 
17 Oceania 17.0 18.1 15,668.1 
18 World Total 2,749.4 4,063.2 3,419.230.3 
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Table 7. Estimated exports for endogenous commodities for each model 
alternative with 1973-75 exports for comparison 
Wheat (bu.) 
Feed grains (tons) 
Soybeans (bu.) 
Cotton (bales) 
1973-75 
Actual a 
1,188.9 
39.9 
485.7 
4.8 
A 
1,688.4 
59.1 
689.8 
4.2 
Model Alternative 
B C 
(millions) 
1,847.8 2,007.0 
36.3 43.5 
672.7 730.7 
4.2 4.2 
aSOURCE: U.S. Department of Agriculture, 1976j. 
D 
2,410.8 
52.2 
877.7 
4.2 
The quantity of exports generated in the base alternative is such 
that undernutrition will still exist but will affect less people than 
those who suffered in the food crises of the early 1970s. It is estimated 
that 375 million people (compared to 400-500 million in 1973-75) will be 
suffering from malnutrition because of a grain shortage of approximately 
58 million metric tons (Table 8). The grain deficit under this alternative 
indicates that mankind need not accept the status quo, as indicated by 
Alternative A. But while we do the best we can under these conditions, 
radical production changes, U.S. agriculture can not produce enough grain 
to eliminate all world undernutrition. Alternative A indicates that 
food policy makers must be more resourceful. Full U.S. production at 
1980 technology cannot solve the world food supply situation. The next 
decade that requires special attention, as limited possibilities exist 
to radically alter infrastructures, to apply new technological break 
throughs, etc. in increasing food production. 
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Alternative B 
Wheat exports are emphasized under Alternative B. In addition, a 
worldwide diet at dra levels is imposed on all people. U.S. wheat exports 
increase 159 million bushels over Alternative A and feed grains decrease 
23 million tons. The results for Alternative B shows that if all people 
of the world consumed only a prescribed level of calories and food production 
were optimized in the United States, the world would have sufficient food 
for all people to consume at daily recommended allowances. People in 
developed countries consume only well balanced diets without indulging 
in "over consumption" under this alternative. At the same time, the 
populations of otherwise food deficit nations also would consume at levels 
representing an adequate diet. With this world redistribution, U.S. 
agriculture could more than meet necessary export levels and some excess 
capacity under this alternative. 
Alternative C 
Alternative C assumes a mixed demand-daily recommended allowance 
(dra) consumption structure. Each individual in affluent countries could 
consume as much as he desires, while those living in the developing 
nations must consume at least at the dra levels. Export levels of all 
three commodities increase over those of the base alternative because of 
an increased demand for food of the peoples in the various food deficit 
regions. Wheat exports are 2,007 million bushels, up 18.9 percent over 
Alternative A exports. Feed grain exports are down by 16 million tons 
from Alternative A, mainly because of the change in the wheat-feed grains 
31 
mix. Soybean exports are 730 million bushels, contributing to the calorie 
requirements and providing a great amount of protein in the form of soybean 
oil or soybean meal isolates or concentrates. 
Because the world food requirements are at their highest under this 
alternative, the food·deficit is at a maximum. A food gap of 113 million 
metric tons results under this high demand alternative and translates 
to approximately 732 million people who would experience undernutrition. 
Alternative C implies "the rich half" of the world satisfied its own food 
needs first, then allows the remainder of the food supplies to go to those 
who suffer from hunger. This is, of course, the general outcome of the 
market distribution except as it is dampened by government food distribution 
programs and income levels. 
Alternative D 
Alternative D assumes that the "rich" countries reduce meat consumption 
by 25 percent. The reduction in protein from meat is replaced by soya 
and other substitutes. Wheat exports increase 722 million bushels to 2,410 
million bushels under this alternative. U.S. soybean exports increase 188 
million bushels, up 27 percent from the base alternative. The increase 
in U.S. soybean exports is possible because of reduced domestic consumption 
by livestock Feed grains are down slightly. Notwithstanding this reduction 
in meat consumption by the "rich: nations the food deficit is not eradicated. 
It is estimated that a world shortfall of almost 32 million metric tons 
of grains remains. 
32 
A 25 percent reduction of total meat consumption still leaves every 
consumer in these countries an average of more than 150 pounds of meat 
and poultry, 400 lbs of milk and 20 dozen of eggs. Consumers in food-
deficit countries would continue their ongoing undernutrition as it is 
already experienced. 
National Production, Acreage, and Yield 
Alternative A, 1973-75 export proportions 
Alternative A, the base alternative, represents maximum U.S. exports 
for the three commodities using 1973-75 average export proportions. This 
policy calls for full capacity production in an effort to make available 
as much food as possible to the world at prevailing market prices. Exports 
increase 42 percent over the 1973-75 average. This large increase in 
exports would be merited only with creation of an institution that 
guarantees a) fair resource returns to U.S. producers and b) a fair 
share of the export crops to the food hungry nations. 
All available crop land, 250.3 million acres, is drawn into pro-
duction. This is several million acres more than was actually used in 
1973-75. Even though crop yields increase, additional land is needed 
to satisfy export demands. There are two reasons for the increase in 
yields: a) yields of endogenous commodities are projected to increase 
as a result of improved technology by 1980; and b) all crops are spatially 
allocated among 150 producing regions according to their comparative 
advantage. In addition, land drawn into production is mostly devoted 
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to feed grains. This relatively large increase in feed grain production is 
a result of both domestic and export demand for feed grains for livestock 
in the developed countries under Alternative A. Only a small part of 
these grains are consumed directly by people in the developing countries. 
Although per capita incomes rise, an increasing portion of grain demand 
is directed to meat production. 
The additional wheat acreage is used mostly for production of export 
demand in the developing countries and the East-bloc countries, if present 
export trends persist. The soybean harvested area declines 8 million 
acres from 1973-75 average levels. Cotton acreage declines slightly from 
the 1973-7 5 level even though total production increases. Most of the 
additional production is brought about by projected increases in yields 
and a reallocation of production. 
Alternative B, nutritional requirements 
This alternative requires nations which currently consume more than 
the daily recommended allowance (dra) to diminish consumption to the dra 
level on a per capita basis while the "deficit" nations increase per 
capita calorie intake to the dra level. Overall, the total export demand 
for food and feed grains, expressed in feed units, falls by 13.2 percent 
under Alternative Bas compared to Alternative A. 9 Because U.S. wheat 
exports are emphasized in this alternative, the proportion of feed grain 
relative to wheat declines, leading to lower exports of feed grains. The 
9A feed unit is the quantity of any type of grain equivalent to the 
feed value of one pound of corn. 
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upgrading of the low income diets emphasize wheat. 10 Also, imports of 
feed grains for the beef feeding industry decline in many of the developing 
countries. However, significant quantities of feed grains are consumed 
directly by humans rather than by animals. 
Total U.S. production of wheat increases 159.7 million bushels over 
Alternative A, reflecting an increase in wheat export demand. U.S. feed 
grains decrease by 24.3 percent to 198.3 million tons compared to 
Alternative A. Diminished domestic meat consumption in the United States 
combined with smaller export demand for grain, decreases the U.S. area 
under cultivation by 28.7 million acres. Therefore, a total of 36.6 
million acres can be used for alternative purposes such as set aside, grazing 
or nonfarm uses. 
Alternative C, demand and nutritional 
requirements 
Under Alternative C consumers in countries with per capita incomes 
above $600 are assumed to consume at levels consistent with economic 
variables i.e., they consume in a manner and at levels consistent with 
their developing incomes, preferences, and cultures. Countries below $600 
in per capita income are assumed to consume at dra levels (World Bank, 1973). 
The U.S. export mix is the same as in Alternative B. Under these conditions 
total world demand for food is larger than under either Alternative A 
10Although a majority of the food-deficit nations does not consider 
wheat as a staple food, the shift toward an increase in wheat consumption 
is not unlikely if circumstances call for it, similar to the postwar 
shifts in India and Japan. 
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or Alternative B. Demands for U.S. exports under these conditions are 
greater than could feasibly be produced in the United States using 1980 
technology. 
Total U.S. wheat production is 2.6 billion bushels, up 13.8 per-
cent over Alternative A. The increase is due to the additional demand 
for wheat generated by the "poor" countries when diets are upgraded to 
standard dra levels. Because of the new wheat-feed grains export ratio 
used, feed grain production of 243 million tons in the United States is 
almost 19 million tons lower than under base Alternative A. U.S. soybean 
production is 1,454 million bushels, an increase of almost 39 million 
bushels over Alternative A. Soybeans are used as substitutes for protein 
from meat. It is assumed that soymeal isolates and concentrates 
become an integral part of the human diet. 
Alternative D, 25-percent reduction 
in meat consumption in industrialized 
countries II 
Alternative D assumes a reduction in meat consumption by 25 percent 
in developed countries with the reduction replaced by plant proteins. 
Consumption levels otherwise are equal to those under Alternative C. 
U.S. wheat production is 32 percent greater under Alternative D 
than under Alternative A. U.S. wheat requires almost 89 million acres 
of the total land base. Wheat yields increase one-half bushel, partly 
11The following countries are included: United States, Canada, 
Japan, The European Community, Spain, Portugal, Norway, Sweden, 
Switzerland, Greece, Austria, South Africa, New Zealand, and Australia. 
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because of the land released by the feed grains. U.S. feed grain production 
remains at relatively low levels, particularly because of the reduction 
in meat consumption. Production is 45 million tons less than in Alternative 
A, while the area in feed grain production declines by more than 19 percent. 
Reduced beef consumption in the importing industrialized countries decreases 
U.S. feed grain exports. U.S. silage production also decreases 18 million 
tons because of the decreased domestic production of beef. On the other 
hand, soybean production and exports increase as consumption expands 
in both the developing and other importing nations. 
Regional Distribution of Production 
The linear programming solution supplies several types of infor-
mation on a U.S. producing region basis. However, because of space 
limitations and for reasons of clarity the spatial impacts of the alter-
natives will be reported only for the 10 U.S. farm production regions. 
Results of the four alternatives were presented at the national 
level in the previous section. Variables such as total production, land 
use, and yields are of primary interest to policy makers at the national 
level. However, each of the alternative futures also provides changes 
at the level of the 10 farm production regions (See Figure 1). Some of 
the alternatives analyzed alter the production pattern within and among 
regions. Such changes could affect rural communities, especially in the 
alternatives that result in unused land. These changes could directly 
impact on employment and income in rural communities. 
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Because of rounding errors, the national acreages presented in 
Table 10 may vary slightly from those of Table 9. Table 10 presents the 
acreage requirements for each of the individual crops at the regional 
level. The acreage estimates to Table 10 do not include acreages from the 
h . 12 b h . f T bl 9 d . 1 d h" w 1te areas, ut t e est1mates o a e o 1nc u e w 1te areas. 
Table 10. Estimates of total harvested acres for all crops for the 
model alternatives for the United States and for each of 
the 10 farm production regions 
Model Alternatives 
A B c D 
(thousand acres) 
United States 250,374 213,654 250,542.1 248,667 
Northeast 4,372 2,806 4,049.7 4,372 
Corn Belt 75,057 70,412 75,690.3 75,057 
Lake States 26,263 25,486 26,263.4 26,263 
Appalachia 7,154 5,128 7,497.1 8,518 
Southeast 8,706 4,287 8,807.2 8,706 
Delta States 13,227 10,810 13,669.9 13,227 
Southern Plains 29,003 26,647 28,972.0 28,972 
Northern Plains 62,696 47,447 56,648.9 61,801 
Mountain 15,788 13,954 15,788.2 15,788 
Pacific 7,189 6,698 6,698.6 6,698 
12White areas have been defined earlier. 
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Alternative A 
Compared to 1973-75 average levels of cropland use, Alternative A 
increases total U.S. land use by 9 million acres. Three farm production 
regions (the Northeast, Applachian, and Mountain regions) relative to 
1973-75 average levels, use less land for the crops endogenous to the 
model and four regions (the Corn Belt, Southeast, Southern Plains, and 
Northern Plains) increase cropland use. Changes in land use come about 
due to the comparative advantage some regions have in growing crops endogenous 
to the model under Alternative A. Wheat and soybean acreage in the Corn 
Belt declines, but feed grain acreage increases. The Appalachian region 
also experiences land use changes: feed grain and soybean acreages decrease 
while cotton and wheat acreage increase. 
Alternative B 
UnderAlternative B nearly 37 million U.S. acres could be used other 
than for the endogenous crops of the model. Percentagewise, the Southeast 
is most severely affected by the reduced consumption and export policy 
represented by Alternative B. Total harvested acres, mostly from soybeans, 
decline by 51 percent compared to Alternative A. 
Alternative C 
Because of the extremely large export demand under this alternative 
total cropland is fully used and only minor shifts occur among U.S. re-
gions relative to the base alternative. Individual crop shifts occur 
mainly because of the emphasis placed on wheat exports relative to feed 
grains, while the soybean proportion is constant. 
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Alternative D 
The total cropland base is nearly in full use under this alternative. 
Since the alternative reduces meat consumption in the rich nations, the 
U.S. produces less silage. More wheat can be grown for export purposes, 
especially in the Corn Belt and the Northern Plains an increase wheat 
acreage occurs at the expense of feed grains and silage. 
Supply Prices 
The programming model generates a set of U.S. shadow prices for 
each alternative. The shadow or supply prices indicate the level of 
costs necessary to bring forth the units of output required in each 
U.S. region. The U.S. national supply prices are not a weighted average 
for all producing regions. Rather, the model (assuming perfect competition) 
chooses that producing region which is selected last to come into production 
for a particular crop (and thus, has the highest cost of production) to 
satisfy world demands. The cost of production of the particular crop in 
the specified U.S. region is then selected (abstracting from price differ-
entials because of transportation costs) as the supply price. In those 
U.S. producing regions that are selected to come into the solution at an 
earlier point, the difference in the production cost and the national supply 
price is attributed to the land as a residual return or rent. 
Table 11 presents the derived U.S. supply prices for each crop under 
each alternative. The upper part of the table reflects the supply prices 
in constant 1972 dollar values; the lower part of the table presents the 
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supply prices in 1975 dollar values. The 1975 prices are inflated using 
an index constructed from prices paid by farmers for farm inputs (U.S. 
Department of Agriculture, 1976a). 
Alternative A 
In Alternative A, the feed grain price for Alternative A is slightly 
higher than both the 1972 and 1975 average price levels. The cotton price 
at 56.3 cents per pound is estimated to be 23 percent higher than the 1973-
75 price level at 45.8 cents per pound. 
Alternative B 
In Alternative B more than 37 million U.S. acres are not used because 
of low export demands. Consequently, supply prices fall relative to 
Alternative A. In spite of the emphasis on wheat exports, wheat price 
drops 33 percent. The feed grain price and soybean price fall 36 percent 
and 44 percent, respectively, to $1.68 and $3.13 per bushel (in 1975 prices). 
The cotton price under Alternative B is unchanged from current cotton 
prices but down 6.3 cents from the base alternative. Because of the 
reduction in domestic calorie intake, beef consumption decreases, resulting 
in lower silage production and a 25-percent drop in silage prices. 
Alternative C 
The extremely high U.S. export levels in Alternative C result in 
high supply prices. However, because of the change in the export mix 
(of wheat, feed grains, and soybeans) towards a higher proportion of 
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wheat exported relative to the base alternative, the great potential of 
U.S. agriculture to produce wheat results in supply prices considerably 
lower than those in Alternative A. 
Alternative D 
The estimated U.S. supply prices under Alternative D are lower than 
those of Alternative C. This is to be expected as feed grain acreage is 
released for increased wheat and soybean production. The "hidden" 
potential of the U.S. to produce wheat is immediately reflected in its 
supply prices. Prices also are lower than those in the base alternative 
because of a different emphasis on export mix. 
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VI. SUMMARX, CONCLUSIONS, 
AND LIMITATIONS 
This study examines the potential role of U.S. agriculture in helping 
to provide the world population with an adequate level of food. This 
role is examined within the context of other adjustments in food use 
which the world might make. To accomplish this objective an analysis 
is conducted that encompasses 119 countries representing more than 98 
percent of the current world population. The population for each in-
dividual country is divided into 17 age and sex classes. Incorporating 
recent population estimates and growth rates, projections are made for 
each class to 1980. Depending upon location, the countries are then 
divided into three climatological and geographical zones: the temperate 
zone, the subtropical zone, and the tropical zone. 
Food consumption requirements in each of these zones is estimated 
based on two different assumptions. The first assumes a situation where 
the level of consumption is determined alone by economic variables, re-
sulting in effective demand expressed through the market. Under the 
second assumption each individual consumes at a level of a daily recom-
mended allowance (dra) based on age, sex and geographical location. 
Production of more than 30 food commodities is projected to 1980 
based upon historical trend (for all countries but the United States). 
Given estimates for both consumption and production, the food deficit 
for 1980 is then calculated. The assumption is made that any actual 
food deficit (expressed in calories) must be supplied by the United 
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States up to the limit of U.S. production capacity. The deficit can be 
made up by a combination of wheat, feed grains and soybeans. Therefore, 
we are concerned whether or not reductions from and additions to a re-
commended daily food allowance by all people of the world and certain 
adjustments in U.S. production could allow adequate food diets. 
To provide quantitative potentials of U.S. agricultural production, 
and interregional linear programming model is specified to incorporate 
wheat, feed grains, soybeans, cotton, and corn and silage crops. The 
specified model consists of 150 producing regions, 31 demand regions, and 
includes an interregional comparative advantage production sector, a 
transportation submodel, and requires the fulfillment of domestic consumer 
demands in the 31 demand regions. Export demands can then be fulfilled. 
Thus, a model is constructed capable of analyzing changes required in 
U.S. land use by individual regions, crop production, interregional production 
shifts, and commodity prices. 
To evaluate the impact of future export levels on American agriculture, 
a base model and three alternative futures were constructed. In each of 
these alternatives one or two parameters are changed relative to the base 
model. The base model represents a continuation of present U.S. trend in 
yields, per capita food consumption, and exports to 1980. The base model 
(Alternative A) is solved for 1980. The alternative futures (Alternatives 
B-D) analyze the effect of changes in projected world demand and export 
levels on U.S. agriculture. 
The first alternative (Alternative A) assumes all-out production of 
U.S. agriculture to maximize the quantity of grains exported. Alter-
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native B requires all people of the world to consume at recommended daily 
allowances to meet world food requirements. Those above this level would 
reduce to it; those below would increase to it. Alternative C projects a 
level of exports that is a combination of effective demand of the developed 
countries and consumption requirements of the developing countries. The 
last alternative (Alternative D) assumes the developed nations reduce 
meat consumption in order that the deficit countries can be fed at dra 
levels. 
The results of the base model and the alternatives indicate that 
U.S. agriculture has capacity to produce higher levels of output but, 
among the alternatives examined, in only one could the specified food 
requirements of the world be met. In the remaining alternatives some 
malnutrition over the world would continue. 
Alternative A serves as a benchmark against which the other alter-
natives can be compared. The results of Alternative A show that U.S. 
wheat and feed grains have tremendous production potential. The pro-
jected U.S. production increases in 1980 require an increase in crop-
land of about 9 million acres. The additional land drawn into production 
is mostly located in the Great Plains and the Corn Belt. Yield increases, 
compared to the actual 1973-75 figures, take place mainly because of 
projected increases in technology. Despite the increase in production 
a world food deficit of almost 58 million metric tons results. It is 
estimated that 375 million people would continue to suffer some nutritional 
deficiencies in caloric intake. 
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The results of Alternative B indicate that consumption at just the 
daily recommended allowance level for all people in the world could result 
in adequate food for everyone. With all persons of the world consuming 
just the daily recommended allowances, none below it in the poor countries 
and non above it in the rich countries, U.S. agriculture would have a 
capacity to produce for this level. 
In Alternative C demand of developed countries is at market-determined 
levels while consumption of poor countries is, as far as allowed by food 
supplies, at recommended daily levels irrespective of income and purchasing 
power. This alternative would place an extremely heavy demand on American 
food production. World food production is at the highest level under this 
alternative, resulting in high supply prices for food. It brings U.S. 
cropland into full production. With large U.S. exports (more than 2 bil-
lion bushels of wheat and 730 million bushels of soybeans) there is still 
a food gap of 113 million metric tons of grain. 
Finally, Alternative D assumes that the industrialized countries 
reduce meat consumption by 25 percent while other countries attempt to 
increase food production to daily recommended levels as far as food 
supplies allow. Although land now can be shifted from beef production 
to grains for human consumption, production is not sufficient to meet 
world food requirements at the specified levels. The U.S. production 
and consumption effort results in extremely large exports of wheat 
(2.4 billion bushels), feed grains (52 billion tons), and soybeans 
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(878 million bushels). Even with all U.S. land drawn into production, 
there still exists a 32-million ton grain deficit in bringing all people 
to a dra level of consumption. 
Some modest adjustments in world food consumption and U.S. production 
have been examined in this report. Although these adjustments are modest 
and do not involve full participation of world food-producing resources, 
they indicate considerable flexibility in adjusting food patterns to 
eliminate nutritional deficiencies. Of course, they are adjustments which 
would not be easy to impose on food-consuming populations who are accustomed 
to diets based on long-term trends in per capita income, food preferences, 
food availability, and related conditions. Even without major adjustments 
in use of food-producing resources in other countries, the alternatives 
do indicate flexibility and capacity to improve world human nutrition 
through production adjustments in the United States and consumption adjust-
ments over the world. 
This report does not recommend a policy linking U.S. food producers, 
consumers in developed countries, and persons in developing countries. Policies 
to attain such a condition would be very complex and would certainly require 
concurrence of the peoples concerned and those of the rest of the world. 
The analysis does indicate, however, the physical and economic capacity and 
flexibility of the world to overcome nutritional deficiencies as represented 
by food quantities should the world ever seriously decide to do so. Further-
more, the alternatives that have been analyzed in this report are indeed modest 
because the production possibilities of the remainder of the world are not 
incorporated into the analysis. 
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Broad Implications 
In this study we have explored some potentials in producing and distributing 
food supplies in a manner which would allow improved nutrition of a large 
segment of the world's population. We have not proposed a policy for at-
taining these potentials, but have only explored their possibility. The 
development of policies to attain these possibilities, if they in fact are 
desired by countries of the world would require complex international co-
operation and even sacrifice. While a large number of persons in rich countries 
have humanitarian concerns over malnutrition and hunger in the developing 
countries, it is unlikely that they would lower their food intake to dra 
levels in order that poor families in developing countries can raise themselves 
to these levels. 
Too, some of the alternatives examined would require sizeable sacrifices 
and adjustments by producers of the United States. Agriculture would need 
to be organized more efficiently on a comparative advantage basis. Also, 
under the one alternative, consumers in rich countries would need to reduce 
meat consumption so that more grain would be available to go to consumers 
in poor countries. This reduction would impact on meat producers who might 
need to be compensated so that the cash of improved world nutrition would 
not fall on them specifically in the form of reduced incomes. We have not 
selected this as a specific policy to be implemented worldwide. We have only 
examined it as one of several potential alternatives in allowing world 
nutrition on a worldwide basis to be brought to recommended levels. More 
citizens and world leaders must understand and sympathize with these 
possibilities before they can ever approach reality. 
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APPENDIX A. MATHEMATICAL STRUCTURE OF 
THE MODEL 
The mathematical model used for this study is a linear programming 
model, which minimizes the cost of producing the five endogenous com-
modities in the 150 producing regions and the transportation of these 
commodities (except for silage) among the 31 demand regions. 
The model consists of 307 equations and 2,214 real variables. 
Land in the 150 rural areas and demands specified for the 31 consuming 
regions (plus national cotton lint demand) serve as constraints for the 
equations. The real variables include crop production and transporta-
tion activities. 
In mathematical notation we may write the model as follows: 
Find a set of x's such that 
f(x) = CS (A.l) 
is minimized subject to 
Ax < b (A. 2) 
X < 0 (A.3) 
where: 
x = column vector of production and transportation activities; 
C = row vector of unit costs for the activities; 
A = a matrix of input-output coefficients; and 
b = column vector of resource restraints and demand requirements. 
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The mathematical structure for all six alternatives stays the same. 
The factors, which do vary between the alternatives, are the assumptions 
concerning the value of the model parameters (export levels for the 
endogenous commodities and domestic consumption levels). 
Equation B.4 is the objective function to be minimized in the 
model: 
where: 
f(c) "' 
150 5 
r r 
i:::ol j=l 
s c .. x .. + 
1] 1] 
31 31 4 
r r r 
f-1 l:::ol j=l 
T z flr mfr 
s C .. = the cost per acre of producing the jth crop activity in the 
1] 
(A. 4) 
ith rural area for farm-size structure s (j = 1,2,3,4,5, for 
wheat, feed grains, soybeans, cotton, and silage, respec-
tively); 
x .. =the number of acres of the jth crop activity in production 
1] 
in the ith rural area; 
Tmfr "' the cost of transporting one ton of the rth commodity to 
(from) the mth demand region . from (to) the fth demand region 
(m I f; r = 1,2,3,4 for spring and winter wheat, feed grains, 
and oilmeals, respectively); and 
zmfr the tons of the rth commodity transported from (to) the mth 
demand region · to (from) the fth demand region. 
Production of the crop commodities is restrained by the total crop-
land available in each rural area, equation B.S: 
L. 
1 
5 
"' E 
j=l 
X. • 
1] (i = 1,2, •.. ,150) (A. 5) 
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while the production of soybeans is additionally restrained by an 
agronomic restraint, equation B.6 
where: 
(i = 1,2, ••• ,150) 
Li = the total acreage of land available for the five crop 
commodities in the ith rural areas; 
Ai = the proportion of the total amount of land available to 
soybean production in the ith rural area (Ai = .5 for all 
rural areas except those in Arkansas, Louisiana, and 
Mississippi where A. = .7); and l. 
xij = defined as before. 
In addition to the upper limits on production in Equation B.5 
and B.6, minimum production restraints are imposed in each rural area 
as in equation B.7: 
X •• > B •• 
l.J l.J 
(i = 1,2, ••• ,150; j = 1,2,3,4,5) 
where 
B .. = 50 percent of the acreage of the jth crop harvested in ith 
l.J 
rural area in 1969; and 
x .. =defined as before. 
l.J 
Equation B.4 is minimized subject to the following additional 
linear demand restraints: 
(m = 1,2, ••. ,31; f; m) 
(A.6) 
(A. 7) 
(A. 8) 
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n 31 
Dm2 < E yi2xil + E zmf2 = i=l f=l 
(m = 1,2, ••• ,31; f =I m) 
n 31 
D L: y ·3x. 2 + E zmf3 m3 i=l 1 1 - f=l 
(m:::; 1,2, ••• ,31; f =I m) 
n n 31 
Dm4 E yi4xi3 + E yi4xi4 + L: zmf4 i=l i=l f=l 
(m 1,2, .•. 31; f 1 m) 
150 
D5 E yi5xi4 
i=l 
n 
Dm6 E yi6xl5 
i=l 
where: 
n = the number of rural areas in the mth consuming region; 
D = the tons of the rth commodity demanded in the mth consuming 
mr 
region (r = 1,2,3,4,6 for spring wheat, winter wheat, feed 
grains, oilmeals, and silage, respectively); 
D5 =the national demand for cotton lint (in 480-pound bales); 
Y. the yield in tons (except for cotton lint which is in 480-
1r 
pound bales) of the rth commodity in the ith rural area 
(A. 9) 
(A.lO) 
(A.ll) 
(A.l2) 
(A.l3) 
(r = 1,2,3,4,5,6 for spring wheat, winter wheat, feed grains, 
oilmeals, cotton lint, and silage); and 
X .. and z f =defined as before. 1J m r 
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Finally, we have the usual nonnegativity assumptions of linear 
progranuning: 
xi. ~ 0; zfl > 0. J - r- (A.l4) 
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AP?ENDIX B. CONSUMPTION OF LIVESTOCK 
Although the specific goal of this analysis is the estimation of 
exports, estimates of the domestic demands for the endogenous crop com-
modities are also required. Actually, these demands form a major input 
in the study. As suggested earlier, American consumer demand is the 
variable forced to change in alternatives B, E, and F. The linear 
programming model specifies that domestic demands (in the sense of 
point estimates) must be satisfied before any grain is available for 
exports. Because livestock generates a large component of domestic 
demand for feed grains and soybeans and because per capita meat consump-
tion is a variable of interest in this study, the demand estimates for 
meat are explained in this appendix. 
Beef, pork, and broiler demands are estimated from equations C.l, 
C.2, and C.3, respectively. These equations are developed by Waugh (1964). 
The demand estimates for sheep and for turkeys are given in equations 
C.4 and C.5, respectively, and were developed in Nicol, Heady, and Madsen 
(1974). 
Q1 = 43.7809- 0.7697 * RP 1 + 0.2786 * RP2 
+ 0.1076 * RP3 + 0.0386 * Y 
Q2 = 90.1111 + 0.2786RP1 - 0.9612 * RP 2 
+ 0.0728RP3 + 0.0032 * Y 
(B.l) 
(B.2) 
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Q3 :::; 32.0623 + 0.1076 * RP1 + 0.0728 * RP 2 
- 0.448SR~3 + 0.0023 * Y 
Q4 ;::: e5.57087 * RPI -1.9916 * RPI0.57397 4 1 
* y0.36813 * 1-0.13775 
= e2.40871 * RPI-0.43835 * RPIO.l9729 Qs s 1 
* T0.21801 
where: 
Qi the per capita consumption (in pounds per year) of the ith 
livestock product (i = 1,2,3,4,5, for beef, pork, broilers, 
sheep, and turkeys, respectively); 
RPi the retail price of commodity i in 1957-59 prices; 
Y = per capita disposable consumer income in 1957-59 dollars 
(U.S. Department of Commerce, 1968); 
e = the base of the natural logarithms; 
RPii the retail price index for commodity i (1957-59 = 100); and 
T time in years (T = 1 in 1948). 
The demand for beef, Q , can be partially satisfied by the slaughter 
1 
of cull dairy animals. Therefore, the demand for feed grains by beef 
must be reduced to account for the meat production of dairy animals. 
(B.3) 
(B. 4) 
(B. 5) 
Procedures given in Cattle Raising in the United States (U.S. Department 
of Agriculture, 1973a) are used to estimate dairy animal slaughter. 
When equations C.3, C.4, and C.S are compared with actual 1960-
1970 data, they give unsatisfactory results especially at the latter 
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part of the period because of shifts in consumer preferences which had 
occurred by that time. Therefore, the results of these equations were 
adjusted to reflect their estimation bias in that period. The estimates 
of per capita consumption for each of the five livestock classes dis-
cussed above are presented in Table C, along with recent actual data. 
The livestock prices are estimated quantitatively to be consistent with 
the feedstuff prices that result in the programming model. 
Table C. Per capita consumption for selected years and prices received 
at farm level as used in this study. 
Per CaEita ConsumEtion Price at 
Livestock 1969-72 1974a 1980 the farm 
Class a b Average level 
Beef 115.4 109.6 131.4 48.0 
Pork 66.7 61.6 61.4 37.0 
Broilers 38.9 41.5 40.5 24.0 
Lamb 3.2 2.7 2.7 41.0 
Turkeys 9.1 8.7 9.2 22.4 
aSOURCE: u.s. Department of Agriculture, 1973. 
bp . r1.ces are expressed in 1972 dollars with no adjustments for 
inflation. 
Under Alternative A, the consumption of beef in 1980 is estimated 
to increase by 14 percent over recent levels. Pork is projected to de-
crease by 8 percent. Consumption of lamb and broiler and turkey meats is 
estimated to change only slightly over this period. 
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